To determine the correlates of static lung volumes in patients with airways obstruction, and to determine if static lung volumes differ between asthma and COPD. Patients and methods: We examined the data from all of the adult patients (mean age of 69) who were referred to a pulmonary function laboratory from January 1990 through July 1994 with an FEV 1 /FVC ratio of < 0.70 and tested using a body plethysmograph. Correlates were determined using regression analysis. Measurements and results: Of the 4,774 patients observed with evidence of airways obstruction, 61% were men. Self-reported diagnoses included asthma, 19%; emphysema or COPD, 23%; chronic bronchitis, 1.5%; and ␣ 1 -antiprotease deficiency, 0.6%. Fifty-six percent of the patients did not report a respiratory disease. The degree of hyperinflation, as determined by the residual volume (RV)/total lung capacity (TLC) ratio, or the RV % predicted (but not the TLC % predicted), was strongly associated with the degree of airways obstruction (the FEV 1 % predicted). Patients with moderate to severe airways obstruction and high RV and TLC levels were more likely to have COPD than asthma. Of the 1,872 patients with a reduced vital capacity determined by spirometry testing, 87% had hyperinflation as defined by the RV/ TLC, and 9.5% had a low TLC (with less severe airways obstruction). Conclusion: In patients found to have airways obstruction by spirometry, the additional measurement of static lung volumes added little to the clinical interpretation.
S
tatic lung volume tests are often routinely ordered along with spirometry for patients with various chronic obstructive airway diseases. Two common reasons for ordering the lung volumes are (1) to determine the presence or degree of lung hyperinflation, and (2) to look for a superimposed restrictive lung disorder. Static lung volumes include the total lung capacity (TLC), the residual volume (RV), and the functional residual capacity (FRC). The definition of airways obstruction has been standardized as an abnormally low FEV 1 /FVC ratio and a low FEV 1 % predicted. 1 However, the definition of the term "lung hyperinflation" is currently imprecise and is variously based on posteroanterior and lateral chest radiograph patterns, the FRC % predicted, the RV/TLC ratio, the RV % predicted, or the TLC % predicted.
Thousands of static lung volume tests are performed in pulmonary function laboratories each year in the United States, with estimated costs in the range of $75 to $200 per test. The American Thoracic Society (ATS), the National Heart, Lung, and Blood Institute, and the European Respiratory Society formed a working group in 1992 to recommend standards for the measurement and interpretation of static lung volumes for pediatric and adult patients. 2 The working group noted that there was a paucity of reported data regarding the correlates of static lung volumes in patients with obstructive lung diseases, and that the diagnostic or predictive value of static lung volumes in these common disorders was poorly described.
The goal of this study was to determine the spirometric, anthropometric, and diagnostic corre-lates of static lung volumes in adult patients with airways obstruction noted during spirometry testing. Our working hypothesis was that the association of hyperinflation with airway obstruction would differ between asthma, chronic bronchitis, and emphysema.
Materials and Methods
The study population was comprised of adult outpatients of Ͼ 30 years old who were referred to the Mayo Clinic outpatient pulmonary function (PF) laboratory in Rochester, MN between January 1990 and July 1994, and who had completed measurements of spirometry and static lung volumes. All of the patients with a prebronchodilator FEV 1 /FVC of Ͼ 0.70 were excluded from the study. The FEV 1 , the FVC, and the slow vital capacity (VC) were measured according to ATS recommendations 3 using a model 1070 spirometer (Medical Graphics; St. Paul, MN) that utilizes a heated Fleisch #3 pneumotachometer. The static lung volumes were measured using a model 1085 pressure-type body plethysmograph (Medical Graphics) according to standardized methods, 4 using slow (1 to 1.5 Hz) panting maneuvers following the closure of the mouth shutter. The TLC was determined by measuring the thoracic gas volume (TGV) and adding the inspiratory capacity performed immediately following the TGV determination. The RV was calculated by subtracting from the TLC the largest VC value obtained during any one of the baseline (prebronchodilator) tests. The FRC (the box TGV) is not reported here because it is less reproducible than other static lung volumes, and varies with body position, noseclips, mouthpiece, anxiety, and other factors. Accuracy checks for body plethysmograph mouth flow, mouth pressure, and box pressure were performed daily. Spirometry and static lung volume predicted values were taken from the study of Miller and coworkers, 5, 6 with the fifth percentile used to define the lower limit of the normal range for the VC and the TLC.
With the patients in their stocking feet, height and weight measurements were taken. A short respiratory questionnaire included the question, "Has your doctor ever said you have a lung disease, or any condition that affects your ability to breathe? If YES, please name the disease(s)." This questionnaire was administered by the technician prior to PF tests. Up to three respiratory-related diagnoses were reported by each patient; the responses were coded and entered into a data file. The numeric results of all the tests, and the flow-volume graphs, were stored in an archival database after a quality review.
We also wanted to compare the static lung volumes found in nonsmoking patients with asthma to the volumes found in former and current smokers with COPD. Therefore, from the 4,774 patients, we derived two subsets: "asthma only" and "COPD only." We first eliminated patients who had reported a pulmonary diagnosis other than asthma, COPD, emphysema, chronic bronchitis, or bronchitis. We also eliminated patients who had reported any type of lung surgery, lung biopsy, or lung resection. The "asthma only" group had to report asthma as a diagnosis (but could also have reported bronchitis), and current smokers or former smokers were excluded from the asthma group. The COPD only group had to have reported either COPD, emphysema, or chronic bronchitis as a diagnosis (but could have additionally listed bronchitis) and must have reported a Ͼ 30-pack-year smoking history.
Data transformations, descriptive statistics, linear regression models, and graphs were performed using SPSS for Windows, version 5, with the RV/ TLC ϫ 100%, the RV % predicted, or the TLC % predicted as continuous dependent variables. 7 We used the FEV 1 % predicted as an index of the severity of airways obstruction as recommended by the ATS. 1 We determined the ranges of the significant differences in the linear regression lines of the associations of hyperinflation with the degree of airways obstruction between the asthma and COPD groups by using the methods of Zerbe and coworkers. 8 
Results
There were 4,774 adult patients who met the entry criteria of an FEV 1 /FVC of Ͻ 0.70; 61% were men, and the mean age was 69 (see Fig 1 for the age distribution). At the time of testing, 908 patients (19%) reported a diagnosis of asthma, 1,099 patients (23%) reported a diagnosis of emphysema or COPD, 70 patients (1.5%) reported chronic bronchitis, 31 patients (0.6%) reported an ␣ 1 -antiprotease (AAP) deficiency, and 56% did not report having a respiratory disease. More than one respiratory diagnosis was reported by 11.2% of the patients, and 78% of the patients reported being current or former smokers (see Table 1 for the mean PF values).
Hyperinflation
In the overall group of 4,774 patients, the degree of hyperinflation was significantly associated with the degree of airways obstruction, as indicated by the FEV 1 % predicted: the bivariate correlation coefficients for the RV/TLC %, the RV % predicted, and the TLC % predicted with the FEV 1 % predicted were all highly significant, respectively: 0.76, 0.66, and 0.33 (p Ͻ 0.0001). All three indices of hyperinflation were also significantly associated with a selfreported diagnoses of asthma and emphysema, and with age, gender, height, weight, and smoking status (patients who never smoked vs former or current smokers).
All of the variables mentioned above were then offered as predictor variables to each of the three separate linear regression models, with dependent variables of the RV/TLC %, the RV % predicted, and the TLC % predicted. Entry was stepwise, with a pϽ 0.01 (in) and a pϾ 0.05 (out). Most of the variability of the RV/TLC was explained by the degree of airways obstruction (the FEV 1 % predicted), height, age, and gender (see Table 2 ). Chronic bronchitis, emphysema, and smoking status were not independent predictors of the degree of hyperinflation as measured by the RV/TLC %, and the mean RV/TLC % was only 0.6% higher for those reporting asthma when compared to the other patients.
Similar to the RV/TLC %, the independent correlates of hyperinflation as measured by the RV % predicted also included the degree of airways obstruction, and the patient's height, age, and gender (see Table 3 ). However, the reported type of obstructive lung disease also made a difference: after correcting for the above variables, the mean RV % predicted was 35% higher for patients with an AAP deficiency, 13% higher for those reporting emphysema, and 8% higher for those reporting asthma when compared to patients not reporting these diagnoses. Current smokers also had a mean RV % predicted that was 5% higher than what was found in patients who had never smoked or had quit smoking.
Ninety percent of the TLC variability resulted from factors not measured by this study. The independent correlates of the TLC % predicted included gender, age, and height, but not the degree of airways obstruction (see Table 4 ). The effects of asthma, emphysema, and the AAP deficiency on the TLC were less than their effect on the RV. Current smoking was also independently associated with a higher TLC. Obesity was independently associated with both a lower RV and a lower TLC. Patients whose body weight was 20 kg (44 lb) heavier than average had a 6% lower RV and a 4% lower TLC. Table 5 shows the mean anthropometric and PF values for the two patient subgroups of (1) neversmokers who reported asthma only (n ϭ 268), and *Variables shown are listed in order of entry, followed by the adjusted R 2 for the model after adding that variable. Variables which did not enter the model included a diagnosis of chronic bronchitis (p ϭ 0.3), a diagnosis of emphysema (p ϭ 0.2), smoking status (p ϭ 0.95), and weight (p ϭ 0.8). Almost 60% of the variance in RV/ TLC was explained by the degree of airways obstruction (n ϭ 4,774). (2) smokers who reported COPD only (n ϭ 668). The mean age, height, and weights were similar, but there were more men with COPD only. The COPD patients had more severe airways obstruction and more hyperinflation when compared to those reporting asthma only. The strong association of the degree of RV/TLC hyperinflation with the degree of airways obstruction was virtually identical in both asthma and COPD patients (see Fig 2) . On the other hand, for patients with moderate to severe airways obstruction (an FEV 1 of Ͻ 53% of predicted), the mean RV was higher in patients with COPD only (an RV of usually Ͼ 200% of predicted and up to 350% of predicted) when compared to patients with asthma only (see Fig 3) .
Asthma vs COPD
Hyperinflation of the TLC was not associated with the degree of airways obstruction in the entire group of 4,774 patients or in the subgroup with asthma only (see Fig 4) . However, patients with moderate to severe airways obstruction resulting from COPD were more likely than patients with mild airways obstruction to have a high TLC (from 120 to 180% of predicted).
Superimposed Restriction
Of the total of 4,774 patients, 1,872 patients (39.2%) had a reduced VC. Of these patients, 1,634 patients (87.3%) had a high RV/TLC (above the normal range), and only 177 patients (9.5%) had a low TLC (below the lower limit of the normal range). The mean FEV 1 /FVC was significantly higher for patients with a low TLC when compared to the other patients, respectively: 62 vs 51% (p Ͻ 0.001). Patients with a low TLC were also less likely than the other patients to have a severe airways obstruction (an FEV 1 of Ͻ 40% of predicted), respectively: 36 vs 52% (p Ͻ 0.001).
Discussion
In this large retrospective study of patients referred to a single PF laboratory, we have confirmed that hyperinflation of lung volumes is associated with the degree of airway obstruction. However, the strength of this association, as well as other clinical correlates, vary considerably according to whether "hyperinflation" is defined as a high RV/TLC, a high RV, or a high TLC. The RV or the RV/TLC are much more sensitive than the TLC to the degree of airways obstruction (see Figs 2-4) . As airways obstruction moves from borderline (90% of predicted FEV 1 ) to moderate (50% of predicted FEV 1 ), the mean RV increases from 100 to 140% of predicted (see Fig 3) while the TLC remains relatively constant (see Fig 4) .
As previously reported in healthy individuals, 5,9 the RV was larger in men, taller patients, and younger patients with airways obstruction. In addition, patients who weighed more had a lower RV. After correcting for gender, height, and age, the RV was strongly correlated with the FEV 1 % predicted. On average, the RV was 14% higher for each 10% decrease in the FEV 1 . Patients (n ϭ 31) reporting an AAP deficiency had much higher RV levels (ϩ 35%) than the other patients. Patients reporting emphysema had somewhat higher RVs (ϩ 13%) when compared to patients reporting asthma (ϩ 8%), after correcting for the degree of airways obstruction. Chronic bronchitis was not independently associated with static lung volumes (RV/ TLC, RV, or TLC).
Our results confirm a review 10 of the indications for the measurement of static lung volumes stating that "in patients with COPD, RV and FRC are elevated in proportion to the degree of airflow obstruction; TLC, on the other hand, may be affected variably by the different obstructive diseases: elevated in emphysema but often normal in chronic bronchitis and asthma, for the same degree of flow obstruction."
A review 11 of the differential diagnosis of emphysema, chronic bronchitis, and asthma stated that "although elevations of static lung volumes are associated almost exclusively with these obstructive lung diseases, measurement of static lung volumes have not proven useful for separating these three classic diagnostic categories." We generally agree with this statement because there is a large overlap in the degree of hyperinflation seen in these obstructive CHEST / 115 / 1 / JANUARY, 1999 diseases in our patients; however, in patients with moderate to severe airways obstruction, patients with COPD tend to have higher levels of RV and TLC when compared to patients with asthma.
Decades ago, investigators demonstrated that static lung volumes in cigarette smokers were associated with the degree of anatomic emphysema, but they did not attempt to correct for the degree of airways obstruction. Asthma has also been associated with increases in lung volumes during acute bronchospasm and during asymptomatic periods. 12, 13 Some of the increase in TLC noted during induced bronchospasm was due to an artifact of measurement, because mouth pressure does not reflect alveolar pressure well during panting maneuvers in patients with severe airways obstruction. 14, 15 More recent measurements of the TLC using chest radiograph planimetry showed that the TLC does increase slightly during bronchospasm. 16 However, our results do not support an association of TLC with the degree of airways obstruction in adult patients with asthma.
A population study of 2,680 subjects in Italy found that the RV was inversely related to weight in healthy adult women. 9 Our results confirm this finding in both men and women with airways obstruction (see Table 3 ). Perhaps reference equations for RV 17 should include a correction for body weight. We also found that current smokers (when compared with ex-smokers) had higher values of RV and TLC, after correcting for other factors (see Tables 3, 4) , although the Italian study 9 found this association only in men.
A limitation of the present study is the use of self-reporting when classifying lung disease patients.
Some patients may not remember correctly the diagnosis given to them by their physician. Some patients undoubtedly had lung disease but had not been told so by their physician. Some patients were sent to the PF lab because of a history suggesting lung disease, and the results may have then prompted their physician to apply a lung disease diagnosis (which we did not obtain).
The predicted values of Miller and coworkers 5, 6 were used because both spirometry and static lung volume reference values were available from the same population sample. We did not use single-or multiple-breath helium dilution techniques (or nitrogen washout) to measure static lung volumes, because these methods are known to seriously underestimate lung volumes in patients with moderate to severe airways obstruction when compared with body plethysmography. 18 Errors in the measurement of lung volumes using body plethysmography (without using an esophageal balloon to estimate alveolar pressure changes) are also known to occur in patients with severe airways obstruction 14 , but these are very small when compared with measurements of the TLC from chest radiographs, especially if rapid panting during airway occlusion is avoided, 15, 18 as in our study.
In summary, the measurement of static lung vol- umes in adult patients with airways obstruction did not distinguish well the two major types of airways obstruction (asthma and COPD). In patients with airways obstruction and a low VC on spirometry testing, only 9.5% were found to have a superimposed restrictive process (a low TLC).
